Background and Purpose-Fatigue is common after stroke and can be attributable to the increased physical effort associated with severe neurological deficits; however, its presence in those with little motor deficit raises the possibility of confounding by other factors, such as comorbidity, anxiety, and medication. To control for such factors and determine the extent of stroke-specific fatigue, we compared patients with minor stroke who had little or no residual neurological deficit with patients with TIA; both groups had undergone similar investigations and treatment. Methods-The prevalence of fatigue 6 months after TIA or minor stroke was assessed in consecutive patients using the Chalder fatigue scale in a population-based incidence study (Oxford Vascular Study). Patients were included if they were independent in self-care Barthel Index (Ն18/20) and without major cognitive impairment (Mini-Mental State Examination Ն24/30). Stroke severity at baseline was assessed with the National Institute of Health Stroke Scale (NIHSS). Other potential causes of fatigue were assessed including anxiety, depression, recent life events, medication, and abnormalities in biochemistry or hematologic tests. Results-Seventy-six participants had minor stroke (mean age, 74.1 years; 42 men) and 73 had TIA (mean age, 72.5 years; 40 men). At 6-month follow-up, median Barthel Index score was 20 (interquartile range, 20 -20) in both groups. However, fatigue was more common after stroke than TIA (56% vs 29%; OR, 3.14; 95% CI, 1.51-6.57; Pϭ0.0008).
described previously, 17 and direct assessment has shown that caseascertainment is near complete. 18 All cases were reviewed by a neurologist to confirm the diagnoses, which were based on standard criteria. 19 A detailed clinical assessment was performed, including the NIHSS score. 20 Ethical approval for Oxford Vascular Study and related substudies was obtained from the local ethics committee.
All patients were followed-up at 1, 6, 12, and 24 months after the TIA or minor stroke. At the 6-month follow-up visit, a researcher assessed fatigue in all patients who fulfilled the following eligibility criteria: (1) TIA or stroke (ischemic or hemorrhagic) at baseline; (2) no recurrent stroke during first 6 months of follow-up; (3) no major nonstroke disorder (eg, cancer or acute coronary syndrome) during first 6 months of follow-up; and (4) functionally independent at 6-month follow-up: Barthel Index score Ն18/20 and Mini-Mental State Examination Ն24/30.
The following potential causes of fatigue were assessed: anxiety and depression, 21 recent life events, obesity (body mass index), thyroid function, urea and electrolytes, hemoglobin, and medication. Other potential confounders were assessed, including social circumstances, educational attainment, employment status, and ethnic origin. We also measured the modified Rankin score at 6-month follow-up. 22 To determine whether the presence of fatigue was associated with the patients' subjective impressions of their recovery from the stroke or TIA, we also administered the Simple Questions scale for recovery from stroke at the 6-month follow-up. 23 Fatigue was measured with the Chalder 24 fatigue scale, which has been used widely in chronic fatigue, 25 multiple sclerosis, 26 Gulf War syndrome, 27 migraine, 28 HIV, 29 and in healthy populations. 30 The score consists of 11 short questions on tiredness, energy, and the need to rest, and it does not specifically ask about "fatigue." As generally recommended, a score Ͼ3 out of 11 indicates significant fatigue. 24 Several studies have shown the score to be valid and reliable in measuring chronic fatigue. 24, 31, 34 Data were analyzed with the SPSS version 15.0 (SPSS Inc).
Results
Of 149 eligible participants who were approached at 6-month follow-up, all consented to the study. Seventy-three patients had minor stroke (67 ischemic) and 76 had TIA. Baseline characteristics, assessed at the time of the TIA or stroke, are shown in Tables 1 and 2 . There were no significant differences in demographic characteristics, vascular risk factors, results of relevant blood tests, education attainment, social circumstances, employment status, anxiety and depression, or baseline medications. There were, however, more cases of previous stroke in the minor stroke population compared with TIA (Pϭ0.0011; Table 1 ).
There were no differences at the 6-month assessment between TIA and stroke patients in medications (Table 3) , Barthel Index, Mini-Mental State Examination, or anxiety and depression (Table 4) . However, Chalder fatigue scores at the 6-month follow-up were significantly higher in patients with stroke than in those with TIA (Pϭ0.0013; Figure) . Significant fatigue (Ͼ3 on the Chalder fatigue scale) was more common after stroke than after TIA (56% vs 29% respectively; OR, 3.14; 95% CI, 1.51-6.57; Pϭ0.0008; Median modified Rankin score at 6 months was 1 (interquartile range, 0,2) in stroke cases and 0 (interquartile range, 0,1) in TIA (Pϭ0.0002). However, when the analysis of To determine whether the presence of fatigue was associated with the patients' subjective impressions of their recovery from the stroke or TIA, we asked the "Simple Questions." 23 Patients who felt that they had not made a full recovery were significantly more likely to be fatigued than those who had made a full recovery (37/51 vs 30/103; PϽ0.0001), and although patients with stroke were more likely than those with TIA to state that they had not fully recovered (Table 4) , the association between lack of subjective recovery and fatigue was still present when the analysis was confined to those with stroke only (33/44 vs 10/32; PϽ0.0001).
Discussion
This population-based study of fatigue in consecutive cases of minor stroke and TIA is the first to our knowledge to report data on the prevalence of fatigue in TIA patients. Previous studies 3, 32 have often specifically excluded patients with TIA. One of the strengths of our study is the comparison of TIA and minor stroke cases. Even though the study was confined to patients who had relatively minor strokes with sufficient recovery to be independent in self-care, patients with minor stroke reported significantly higher levels of fatigue at 6-month follow-up than those with TIA. This difference was independent of measured potential confounders for fatigue, including anxiety, depression, recent life events, relevant blood tests, and medication, suggesting that the excess of fatigue in patients with minor stroke reflected a causal association. Although fatigue can be related to the increased physical effort associated with severe neurological deficits, our stroke patients had little or no motor deficit, suggesting that their excess of fatigue compared with TIA patients was attributable to central mechanisms.
Other studies have also reported high rates of fatigue during follow-up after stroke. In a Swedish study of all community and hospital first-ever strokes, Appelros et al 33 found that 53% reported fatigue at 1 year after stroke, which is consistent with our rate of 56% at 6 months. Also consistent with our findings, they also found that rates of fatigue were positively correlated with the NIHSS score (Pϭ0.004). 33 Previous studies have also demonstrated a positive relationship between fatigue and increased modified Rankin score at the time of assessment. 3, 32, 33 However, in our study even stroke patients with a modified Rankin score of 0 were more fatigued than patients with TIA. Furthermore, even stroke patients with initial NIHSS score of 0 (ie, very minor strokes at onset) still reported more fatigue than TIA patients. Similarly, fatigue is often considered to be a symptom of depression, although previous studies are conflicting. 11, 14, 16, 32, 33 However, the majority of patients in our study felt fatigued without depression. It is therefore likely that fatigue and depression are separate, albeit overlapping, constructs.
Our study does have some limitations. First, there is no gold standard for the measurement of fatigue. 32, 34, 35 However, the Chalder fatigue scale has been used previously in studies of patients with neurological conditions 36 and has been shown to be valid and reliable in multiple different disease states [25] [26] [27] [28] [29] and in the general population. 30, 37 Rates of fatigue, defined as a Chalder score Ͼ3, of 10% to 18% have been reported in healthy younger populations, increasing to 22% in the general population older than 60 38, 39 Thus, our stroke patients were more fatigued than would be expected in the general population of a similar age, whereas the TIA patients were probably not. Second, we only assessed some of the potentially confounding factors at baseline, such as blood tests, soon after the TIA or stroke, whereas we measured fatigue at 6-month follow-up. However, several other potential confounders, such as medication, anxiety, depression, and physical functioning, were measured at the 6-month follow-up. Third, anxiety and depression were not measured in any great detail; therefore, future studies using more sensitive measures would be appropriate. Fourth, our stroke patients were more likely to have had a previous stroke than the TIA patients. However, the excess of fatigue was still seen in incident strokes and all stroke patients were independent in self-care, even though they had experienced a previous event. Finally, we tried to use TIA patients as nonstroke controls to determine whether there might be central mechanisms consequent on having a stroke underlying fatigue and to minimize the various sources of confounding discussed, but we did not have MR brain imaging in all cases. Therefore, we cannot separate those TIA cases with and without a clinically appropriate cerebral infarct, or those with asymptomatic previous infarction. However, we found significant differences between minor strokes and TIA despite this limitation. It is possible that rates of fatigue would have been even lower in TIA patients with no infarction.
In conclusion, the prevalence of fatigue after minor stroke is higher than after TIA, suggesting that it is not simply a consequence of the stress of a recent acute cerebral event, comorbidity, medication, or other potential confounders. The high levels of fatigue in stroke patients without neurological impairment suggest it has a central origin rather than being the result of increased physical effort required after stroke. Monitoring fatigue and identifying interventions such as centrally acting pharmacological interventions may be an appropriate avenue for future study and may improve outcomes.
